Summary Energy malnutrition worsens survival in patients with liver cirrhosis, and is currently defined as non-protein respiratory quotient (npRQ) Ͻ 0.85, as measured by indirect calorimetry. However, measurement of this npRQ is limited because of the high cost of indirect calorimetry. Therefore, we sought an alternative marker that can be used in the routine clinical setting. Forty-four inpatients with cirrhosis were recruited in this study. The last meal was served at 18:00 h on the previous day, and indirect calorimetry was performed between 07:00 and 09:00 h while the patients were still in bed. Fasting blood samples were collected in the early morning on the day of the test. Anthropometry was performed by an expert dietician. The correlations among npRQ, Child-Pugh score of disease severity, laboratory parameters, %AC (arm circumference), %TSF (triceps skinfold thickness), and %AMC (arm muscle circumference) were studied using simple linear regression analysis. ROC (Receviver operating characteristic) analysis was used to identify the cut-off values that would best predict npRQ ϭ 0.85. npRQ correlated significantly with %AC ( r 2 ϭ 0.204, p ϭ 0.0021) and %AMC ( r 2 ϭ 0.178, p ϭ 0.0043) but not with %TSF. npRQ was not significantly correlated with other laboratory or anthropometric measurements. The cut-off value for %AC that showed the largest AUC (area under the curve) by ROC analysis was 95, while that for %AMC was 92. Multiple regression analysis yielded an equation; npRQ ϭ 0.0019 ϫ (%AC) Ϫ 0.0134 ϫ (Child-Pugh score) ϩ 0.7791. Patient stratification by %AC ϭ 95 or by regression equation-based npRQ ϭ 0.85, but not by %AMC ϭ 92, produced significant difference in survival curves. %AC and regression equation could represent npRQ to some extent as parameters of energy nutrition in cirrhosis. Key Words indirect calorimetry, protein-energy malnutrition, non-protein respiratory quotient, arm circumference, arm muscle circumference Protein-energy malnutrition (PEM) is common in patients with liver cirrhosis ( 1 , 2 ), and leads to poor prognosis in this cohort ( 3-5 ). Indirect calorimetry is an established method to diagnose energy malnutrition ( 6 ) as it gives substrate oxidation rates and non-protein respiratory quotient (npRQ) as useful markers to estimate energy metabolism. In particular, npRQ Ͻ 0.85, obtained in patients with liver cirrhosis after overnight bed-rest and fasting, predicted significantly lower survival than in patients with higher scores ( 5 ). Such patients with energy malnutrition are good candidates to receive nutrition support as recommended in US, European, and Japanese guidelines ( 7-9 ). However, measurement of npRQ is limited in daily practice because of the high cost of indirect calorimetry. Thus, it is important to find an alternative marker to npRQ that can be used in the routine clinical setting. We conducted the present study to investigate which anthropometric or biochemical parameters could best represent npRQ in cirrhosis.
Protein-energy malnutrition (PEM) is common in patients with liver cirrhosis ( 1 , 2 ) , and leads to poor prognosis in this cohort (3) (4) (5) . Indirect calorimetry is an established method to diagnose energy malnutrition ( 6 ) as it gives substrate oxidation rates and non-protein respiratory quotient (npRQ) as useful markers to estimate energy metabolism. In particular, npRQ Ͻ 0.85, obtained in patients with liver cirrhosis after overnight bed-rest and fasting, predicted significantly lower survival than in patients with higher scores ( 5 ) . Such patients with energy malnutrition are good candidates to receive nutrition support as recommended in US, European, and Japanese guidelines (7) (8) (9) . However, measurement of npRQ is limited in daily practice because of the high cost of indirect calorimetry. Thus, it is important to find an alternative marker to npRQ that can be used in the routine clinical setting. We conducted the present study to investigate which anthropometric or biochemical parameters could best represent npRQ in cirrhosis.
PATIENTS AND METHODS
Patients. Forty-four inpatients with cirrhosis were enrolled in this study. Cirrhosis was diagnosed from clinical and laboratory profiles and by histologic examination of liver biopsy specimens. The clinical and biochemical characteristics of the subjects are shown in Table 1 . The etiology of cirrhosis was hepatitis B virus in one patient, hepatitis C virus in 33, alcohol in six, and others in four. The Child-Pugh classification ( 10 ) was used to assess the severity of cirrhosis; 16 patients were grade A, 19 were grade B, and 9 were grade C. Patients receiving treatment with interferon or antivirals and patients fasting for over a day within 2 wk before calorimetry were excluded.
Indirect calorimetry. Indirect calorimetry was performed using a Deltatrac Metabolic Monitor (Datax Division Inst. Corp., Helsinki, Finland) in a similar manner to that explained in our previous report ( 11 ) . Before Table 1 . Clinical and biochemical profiles of patients with liver cirrhosis. Parameters measured by indirect calorimetry were oxygen consumption per minute (V O 2 ) and carbon dioxide production per minute (V CO 2 ). Total urinary excretion of nitrogen (UN) was measured as described previously ( 5 ). Resting energy expenditure (REE), npRQ, and substrate oxidation rates of carbohydrate (%CHO), fat (%FAT), and protein (%PRO) were then estimated using the following equations ( 11 , 12 ) .
PRO (g/24 h) ϭ 6.250UN %CHO ϭ 4.18CHO/REE ϫ 100 %FAT ϭ 9.46FAT/REE ϫ 100 %PRO ϭ 4.32PRO/REE ϫ 100 Measurements were performed between 07:00 and 09:00 h while the patients were still in bed. The last meal was served at 18:00 h on the previous day. Basal metabolic rate (BMR) was calculated by the formula of Harris and Benedict ( 13 ) .
Anthropometry. We measured height and body weight, and calculated body mass index (BMI). Anthropometry including measurements of arm circumference (AC) and triceps skinfold thickness (TSF), and estimated arm muscular circumference (AMC) was carried out using standard American Society for Parenteral and Enteral Nutrition procedures by an expert dietician. AC, TSF, and AMC were expressed as percentages of normal values according to Japanese anthropometry reference data (JARD) 2001 ( 14 ) , which provides gender-and age-adjusted anthropometric values from a total of 5,492 healthy subjects (2,738 males and 2,754 females) ranging from 18 to 85 y old.
Biochemistry. Fasting blood samples were collected from antecubital veins in the early morning on the day of the test, and were analyzed for serum levels of total bilirubin, albumin, alanine aminotransferase, free fatty acid, and branched-chain amino acid and tyrosine ratio (BTR). Prothrombin time was also assessed.
Statistical analyses. Values were expressed as median and range. Comparisons of measured values among Child-Pugh grade A, grade B, and grade C were performed using one-way analysis of variance (ANOVA). Comparisons of gender, etiology, hepatocellular carcinoma, and supplementation with branchedchain amino acids (BCAA) among Child-Pugh grades were performed using contingency table analysis. The correlations among npRQ, Child-Pugh score, laboratory parameters, %AC, %TSF, and %AMC were evaluated by Spearman's correlation coefficient. ROC (Receviver operating characteristic) analysis was used to identify the cut-off values that would best predict npRQ ϭ 0.85. Multiple regression analysis was also performed to draw equations to estimate npRQ. Survival curves were constructed by the Kaplan-Meier method, and the statistical difference between curves was evaluated by logrank test. All analyses were performed using JMP 8.0 (SAS Institute, Cary, NC, USA) and p Ͻ 0.05 was considered statistically significant.
RESULTS
%AC and %TSF of patients with cirrhosis fell in parallel with increasing grade of disease severity as defined by the Child-Pugh classification ( p Ͻ 0.05) ( Table 1) , suggesting the presence of PEM in these subjects. npRQ also correlated significantly with increasing Child-Pugh grade ( p Ͻ 0.05) ( Table 1 ). In addition, free fatty acid levels increased in parallel with increasing Child-Pugh grade (Table 1) . BTR tended to be lower in advanced disease, but this correlation did not reach statistical significance.
Correlation coefficients among demographic, clinical, laboratory, anthropometric and calorimetric parameters were calculated, and those of significanse with npRQ are presented in Table 2 . npRQ correlated significantly with %AC ( r Table 3 . There was no significant difference in these statistical indices among 3 cut-off values (Table  3) .
We then stratified the patients into subgroups with cut-off of %ACϭ95 (Table 4) , %AMCϭ92 (Table 5) , or regression equation-based npRQϭ0.85 (Table 6) , and compared their clinical and biochemical characteristics (Tables 4, 5 and 6) and also the survival outcome (Fig.  2) .
Stratification by %AC or %AMC showed that patients with %ACϽ95 or %AMCϽ92 had significantly lower body weight and BMI than those with values above these thresholds, while height was similar between subgroups (Tables 4 and 5 ). Serum albumin level did not differ significantly between subgroups (Tables 4 and 5 with hepatocellular carcinoma belonged to the group of this npRQՆ0.85 (pϽ0.0040) ( Table 6 ). Other siginificant differences were observed in the parameters that related with equation variables, i.e. %AC and ChildPugh score. Kaplan-Meier estimation of survival outcome showed a highly significant difference between subgroups created with cut-off of %ACϭ95 (pϭ0.0436) or regression equation-based npRQϭ0.85 (pϭ0.0002), but not of %AMCϭ92 (pϭ0.0842) (Fig. 2) .
DISCUSSION
The liver plays a central role in systemic fuel and energy metabolism. Hence PEM is common in patients with severe liver diseases including cirrhosis (1, 2) . In recent years, several studies have demonstrated the association between PEM and poor event-free survival in cirrhosis (3-5, 15, 16) . Hence, PEM is important as a therapeutic target in these patients.
In general, REE and npRQ are the main factors considered when evaluating energy metabolism by indirect calorimetry. However, previous studies could not reach agreement on whether REE is a useful indicator of PEM (16) (17) (18) (19) (20) . On the other hand, npRQϽ0.85, obtained in patients with cirrhosis after overnight bed-rest and fasting, predicted a significantly lower survival rate than in those with scores of at least 0.85 (5). Thus, in contrast to REE, npRQ is a good measure of PEM and reflects patient outcome (5); however, measurement of npRQ is limited in daily clinical practice because of the high cost of indirect calorimetry. Therefore, it is important to determine an alternative marker to npRQ that can be used in the routine clinical setting. To the best of our knowledge, the literature contains no studies of such candidate markers.
In this study, we first revealed that %ACϽ95 and %AMCϽ92 represent npRQϽ0.85 by ROC analysis. In addition, multiple-stepwise regression analysis yielded an equation to obtain npRQ by a combination of ChildPugh score and %AC. These 3 cut-offs showed similar statistical power to predict npRQϽ0.85 as shown in Table 3 . However, the most important aim to produce significant difference in survival estimates was achieved only by %AC cut-off and regression equation-based npRQ (Fig. 2) . Hence. we recommend using these 2 indices in clinical application. Furthermore, AMC is a so-called "soft number"derived from a directly measured "hard number"AC. Similarly, Child-Pugh score is also a soft number composed of multiple parameters including total bilirubin and albumin, neither of which remained in this study following multiple regression analysis. Taken together, we recommend using %AC first as a single as well as solid substitute for npRQ, being followed next by the regression equation.
It has been reported that supplementation with BCAA improves prognosis, quality of life, and also nutrient metabolism measured by indirect calorimetry in patients with liver cirrhosis (11, 15, (21) (22) (23) . In this study, 36% of the patients actually took BCAA (Table 1) . However, the presense or absence of BCAA supplementation was not shown to be significant by multivariate analysis, presumably because a high population of patients received BCAA. Similarly, there was no effect by hepatocellular carcinoma on npRQ by multivariate analysis, because of the high incidence of complication with hepatocellular carcinoma in this study (Table 1) .
It is well accepted that increased fat oxidation and decreased glucose oxidation contribute to reduce npRQ in patients with liver cirrhosis (5, (17) (18) (19) . Decrease in glucose oxidation in cirrhosis is explained by the lower production rate of glucose from glycogen (24) , decrease in peripheral glucose use (24) , and decrease in hepatic glycogen stores (25) . In the present study, npRQ correlated significantly with %AC and %AMC. AC and AMC reflect the systemic skeletal muscle mass, and systemic muscle is the main peripheral tissue using glucose. Hence decreased muscle mass indicates the onset and progression of malnutrition in patients with cirrhosis (26) .
Increased fat oxidation suggests pronounced lipolysis or a loss of substantial amounts of body fat mass. However, the exact mechanism to explain increased fat oxidation is not clear. In this regard, we recently elucidated that circulating tumor necrosis factor (TNF) ␣ level is elevated in cirrhosis, and correlates significantly with fat oxidation (25) .
Energy metabolism and nutritional status can reportedly be estimated by anthropometric measures, such as AMC and TSF (27) . These are the most reliable bedside techniques to assess nutrition status in patients with cirrhosis (28, 29) . In addition, intraobserver and interobserver errors in anthropometry can be minimized by standardizing measurement methods (27) . AMC and TSF are measured in the upper extremities and thus give reasonably accurate estimates of nutrition status even in patients with decompensated cirrhosis, because fluid retention or edema accumulates in the lower extremities (27) . Alberino et al. reported that 37% of patients with cirrhosis had severe or moderate protein malnutrition as determined by AMC below the 10th percentile, and that 15% had severe energy malnutrition as determined by TSF below the 5th percentile (27) . Moreover, such malnourished cirrhotics had a lower survival rate (27) . These data were also interesting in that the prognostic power of AMC was higher than that of TSF (27) . In addition, several other nutrition parameters, such as creatinine-height index and hand-grip strength, have been reported as good outcome markers in patients with alcoholic hepatitis (30) . Since those parameters also indicate muscle mass, decrease in skeletal muscle seems more important than decrease in fat mass in patients with cirrhosis. npRQ, which is another independent predictor of prognosis of patients with cirrhosis as described earlier (5), correlated significantly with %AMC but not with %TSF in the present study. This observation further supports the importance of muscle mass as a nutritional parameter. We believe that the results for AC largely reflect those of AMC.
npRQϽ0.85 is a precisely defined value at which the substrate oxidation rate changes from glucose-dominant to fat-dominant, as can be understood from the calculation equation. npRQϽ0.85 predicted significantly lower survival rate in cirrhotic patients than in those with higher scores (5) . Thus, such patients with energy malnutrition are good candidates to receive nutrition support as recommended in several guidelines (7) (8) (9) . It was reported that, after overnight fasting, patients with cirrhosis demonstrate a marked decrease in glucose oxidation, with enhanced fat and protein catabolism similar to that observed in healthy subjects after 2 to 3 d of starvation (31) . In order to avoid such nocturnal starvation, a late evening snack (LES) is recommended as one of the most useful nutrition interventions (7) (8) (9) 32) . It would be reasonable to start such snacks at npRQϽ0.85, or from the present results, at %ACϽ95 or regression equation-based npRQϽ0.85 as substitute measures of calorimetric npRQϽ0.85. This %AC value also corresponds approximately to the lower 25th percentile of AC among patients with cirrhosis, as can be seen in Fig. 1 . The clinical significance of this percentile cut-off point agrees well with previous reports (27) .
An interesting observation in the present study is that the patients with %ACϽ95 or with %AMCϽ92 showed significantly lower body weight and BMI when compared with those with higher scores, while their height was similar. Furthermore, serum albumin level was also similar between the subgroups. Thus, %ACϽ95 and %AMCϽ92 appear to indicate only the presence of energy malnutrition, independently of protein nutritional status. Furthermore, stratification by %AC produced a highly significant difference in the survival rate of patients with cirrhotics, as clearly shown in Fig. 2 . Thus, the thresholds of %AC as proposed in this study could substitute for npRQϭ0.85 as prognostic indices in cirrhosis.
There are several study limitations in this study. The first is low sensitivity and its wide confidence interval of 3 cut-offs as given in Table 3 . A small number of patients might be most responsible for this problem. Additional studies in a larger cohort and, moreover, a confirmation study in another cohort are essential to address this concern.
The other concern is how to standardize the anthropometric measurement. For this aim, we used JARD 2001, because this is the only currently available reference with a relatively recent and large-scale Japanese population. The limitation of JARD 2001 is the lack of height-or BMI-adjusted reference, and for this task another population-based survey is required to prepare such reference data. A totally different approach is to use raw anthropometric values. This is effective in a single cohort study but if the study aim exists in application of data to another cohort, as the case of the present study, confirmation of the patient homogeneity among cohorts is essential and would be a difficult practice.
In conclusion, %AC and regression equation-based npRQ could represent calorimetry-measured npRQ to some extent as parameters of energy nutrition in liver cirrhosis.
